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AngiographyAbstract Purpose: To evaluate the role of multi-detector CT angiography in acute assessment of
patients with acute aortic syndrome (AAS) and discriminating between Intramural hematoma and
penetrating atherosclerotic ulcer compared with conventional angiography (CA) as a gold standard
technique.
Patient and methods: 47 patients were recruited in this prospective study, and contrast-enhanced
multi-detector CT angiography examinations were performed from the thoracic inlet to the aortic
bifurcation.
Results: The mean ulcer diameter was 1.6 cm. The largest number of lesions was in the part of the
distal descending aorta below D8. The mean diameter of aorta at level of ulcer was 3.7 cm. Opaci-
ﬁcation of false lumen was determined in 6 patients. Intramural hematoma was present in 28
patients; it was identiﬁed in unenhanced scans as hyper-attenuated mural crescent. The mean length
of false lumen was also evaluated for all patients, and it was 16.4 cm. There was a statistically sig-
niﬁcant correlation between MDCTA and conventional angiography in determining ulcer diameter
(p= 0.2359), number (p= 0.5896), location (p= 0.3659), as well as aortic diameter at level of
ulcer (p= 0.6398).
Conclusion: Multi-detector CT angiography is an accurate, non-invasive tool which has the ability
to detect and characterize aortic PAUs correctly and comparable to conventional angiography.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Penetrating atherosclerotic ulcer (PAU) is an ulcerating
atherosclerotic lesion that penetrates the elastic lamina and is
associated with hematoma formation within the media of the
Table 1 Imaging ﬁndings on MDCT for all the studied groups (n= 47).
CT ﬁndings CT ﬁndings Conventional angiography ﬁndings p value
Mean ulcer diameter (cm) 1.6 (SD, 0.6) 1.7 (SD 0.7) 0.2359
Number of lesions 60 64 0.5896
Ulcer location in aorta 0.3659
Ascending 2 3
Arch 12 14
Proximal, between arch and T8 17 16
Distal below T8 24 25
Abdominal 5 6
Mean aortic diameter at level of ulcer (cm) 3.7 (SD 1.2) 3.9 (SD 1.1) 0.6398
Opaciﬁcation of false lumen 6 7 0.6398
Intramural hematoma 28 – 0.02
Saccular aortic aneurysm 33 31 0.2548
Mean length of false lumen 16.4 (SD 4.2) 17.2 (SD 3.9) 0.01
Pleural eﬀusions 9 – –
Mediastinal hematoma 2 – –
Contrast extravasation 3 4 –
No. of lesions = 60.
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acute aortic syndromes that include aortic dissection, intramu-
ral hematoma, PAU, and ruptured aortic aneurysm (2).
Up to 20% of patients will be asymptomatic on presenta-
tion; however, most patients complain of anterior chest or
mid-scapular back pain (3). PAU is uniformly associated with
hypertension and commonly presents between the seventh and
ninth decades of life (4).
Several imaging modalities can be used, including MRI and
trans-esophageal echocardiography, but CT has emerged as
the ﬁrst choice given its minimally invasive nature, shorter
acquisition time, wide availability and high diagnostic accu-
racy (2,5). Multi-detector CT angiography easily demonstrates
complex spatial relationships, mural abnormalities, and extra-
luminal pathologic conditions due to its high-quality two- and
three-dimensional image reconstruction (1).
Management of ascending PAU is emergent surgical repair
while descending PAU can be managed with tight blood pres-
sure control and repeat imaging. PAU is a rare but serious
clinical entity (1,6). Penetrating atherosclerotic ulcer patients
should be followed up, particularly during the 1st month
after onset, despite rupture or other life-threatening complica-
tions are rare. Surgical treatment may be needed in patients
with evidence of intramural hematoma expansion, signs of
impending rupture, inability to control pain, or blood pressure
changes (1).
This study aimed to evaluate the diagnostic performance of
MDCT angiography in detection and characterization of pen-
etrating atherosclerotic ulcer of patients with acute aortic syn-
drome (AAS) and its complication compared with Digital
Subtraction Angiography (DSA) as a gold standard technique.
2. Patients and methods
2.1. Patients
This study was approved by the ethics committee of our insti-
tution during the period between May 2011 and April 2015, 47patients were recruited in this prospective study referred from
our emergency department, and their ages ranged from 57 to
90 years (mean age was 74). They were complaining from acute
chest pain, back pain or hypertension.
Evaluation of aortic atherosclerosis was done by using a
visual scoring Gondrie et al’s method on the unenhanced
images. Thoracic aorta calciﬁcations were scored in the
ascending aorta (score 0–3), descending aorta (score 0–3),
and arch vessels (score 0–2), and then summed to yield a total
atherosclerosis score (0–8). Elongation of the descending tho-
racic aorta was noted (score 0 or 1) if the vessel deviated from
its normal course by more than its own diameter.
2.2. Imaging technique of multi-detector CT angiography
2.2.1. Imaging acquisition and scanning parameters
Multi-detector CT angiography was performed on all patients
included in this study using 64-row multidetector scanner
(Aquilion 64; Toshiba Medical Systems Corporation, Otawara,
Japan). Unenhanced scans performed from the aortic arch to
the bifurcation and were reconstructed with slice thicknesses of
0.625 mm. They were acquired to detect intramural hematoma
which appears as hyperattenuated mural crescent and to map
the location of calciﬁcations. The acquisition parameters include
120 kV, 100 mA, 0.5 s rotation time, and 1.3–1.7:1 pitch.
Contrast-enhanced multi-detector CT angiography examinations
were performed from the thoracic inlet to the aortic bifurcation.
80 mL contrast medium iopromide (Ultravist 300, Bayer Health-
care) was administered via power injector through the right
antecubital vein at 4 mL/s. Scans were performed in the aortic
phase. Optimum aortic enhancement was achieved by automatic
bolus tracking technique. Image reconstruction was done with
1.25 mm slice thickness.
2.2.2. Image reconstruction
For image reconstruction, the axial source images were trans-
ferred to Vitrea workstation (Toshiba Medical Systems). Axial
source images were the mainstay of MDCTA interpretation of
Fig. 1 68 Year old male. a and b – Axial CT chest with contrast shows High risk Penetrating aortic ulcer with IMH at the descending
aorta c-conventional angiography of the same patient.
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were obtained in CPR, coronal and sagittal planes. 3-D recon-
struction images were also acquired using 3-D volume render-
ing (VR) technique.2.3. Image interpretation
Each MDCTA examination was analyzed blindly by two radi-
ologists with 8 years experience in reading MDCTA examina-
tions and who were unaware of patients’ clinical data. There
was consensus reading, or a double read strategy.
Assessment of contrast-enhanced CTA examinations was
done for six variables: the presence of an intimal ﬂap, ﬂap loca-
tion, penetrating atherosclerotic ulcer, rupture, mass effect,
and extravasation. Revision of coronal and sagittal reconstruc-tions of the contrast-enhanced CTA images was done on
PACS.
CT scan, was evaluated for the following features: lesion
location, lesion width and length, aortic diameter at the level
of the lesion, intramural hematoma, the presence and length
of the false lumen which is developed due to separation of
the layers of the aortic media initiated by a primary intimal
tear, with variable longitudinal and circumferential extension,
resulting in two distinct ﬂow channels: the true lumen, con-
tained entirely by the intima, and the false lumen, contained
entirely within the medial layer of the aorta, contrast material
opaciﬁcation of the false lumen, mediastinal hematoma, and
pleural effusion.
The axial source images as well as the MPRs and 3-D VR
reconstruction images were reviewed for the followings crite-
ria: intramural hematoma, displaced intimal calciﬁcation, focal
Fig. 2 75 Year old male. a – Conventional angiography of the aorta shows ulcer in the descending aorta and b – axial CE CT chest
shows High risk Penetrating aortic ulcer with hematothorax.
Fig. 3 52 Year old male. a – MPR of the aorta and b – conventional angiography of the aorta, show PAU in coral reef aorta.
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enhancing aortic wall, and pseudoaneurysm. The PAU was
further assessed for their location, number, and grading.
2.4. Digital subtraction angiography (DSA)
DSA was done 1–3 days after MDCTA examination. The
results of the MDCTA were compared with those of the con-
ventional angiography as a gold standard technique.2.5. Statistical analysis
Data entry was done by SPSS version 17 and analyzed by the
same software. The probability (p value) of less than 0.05 was
used as a cutoff point for all signiﬁcant tests.
Qualitative data were presented as frequencies and percent-
ages McNemar’s test was used to study the association
between MDCTA and Conventional angiography. Quantita-
tive data were presented as mean and standard deviation
Fig. 4 63 Year old male. a – Conventional angiography of the aorta, b and c – axial CE CT chest, shows PAU.
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analysis was performed using SPSS, version 16 for Windows
(Chicago, IL, USA).3. Results
Forty-seven patients with a total of 60 lesions of the aorta were
identiﬁed on MDCTA images. 9 patients had one lesion, and
18 patients had more than one lesion. The mean patient age
was 74 years (range, 57–90 years). They were 32 men and 15
women. 42 patients presented with acute chest pain, 16 with
back pain, and 22 with hypertension. The MDCT features of
PAU are outlined in Table 1 (Figs. 1–7). The mean ulcer diam-
eter was 1.6 cm. The largest number of lesions was in the part
of the distal descending aorta below D8. The mean diameter of
aorta at level of ulcer was 3.7 cm. Opaciﬁcation of false lumen
was determined in 6 patients. Intramural hematoma was pre-
sent in 28 patients; it was identiﬁed in unenhanced scans as
hyperattenuated mural crescent. The mean length of false
lumen also was evaluated for all patients, and it was 16.4 cm
(see Fig. 8).
Associated pleural effusions were detected in 9 patients
(left-sided in 4, and bilateral in 5 patients). Mediastinal hema-
toma was seen in 2 patients and contrast extravasation was
detected in 3 patients.There was no statistically signiﬁcant correlation between
MDCTA and DSA in determining ulcer diameter
(p= 0.2359), number (p= 0.5896), location (p= 0.3659), as
well as aortic diameter at level of ulcer (p= 0.6398) and opaci-
ﬁcation of false lumen (p= 0.6398) as well as Saccular aortic
aneurysm. As regards intramural hematoma, it was detected
in 27 case with MDCTA and none of these lesions was
detected in DSA. There was statistically signiﬁcant correlation
noticed as regards detection and estimation of the length of
false lumen with p value = 0.01.
According to atherosclerotic calciﬁcation score system, the
overall prevalence of calciﬁcations in the thoracic ascending aorta
was 53.3% (n=32), in the thoracic descending aorta was 75%
(n=45) and in the aortic arch was 65% (n= 39) Table 2.
3.1. Management and outcome
Open surgical repair, typically with a synthetic graft was per-
formed in patients with ascending aortic PAU (3 patients)
and in patients with hemodynamic instability. Endovascular
graft placement in patients was done in symptomatic PAU
patients (11 lesions). Conservative management (in 41
patients) with antihypertensive therapy was adequate in
asymptomatic patients with involvement of the descending
aorta and in those who are poor candidates for any form of
invasive treatment. The medically treated patients needed at
Fig. 5 75 Year old male. a – Conventional angiography of the aorta, b and c – axial CE CT chest, shows PAU.
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which has a strong likelihood in initial symptomatic patients.
4. Discussion
PAUs arise from atherosclerotic aortic lesions that ulcerate
and penetrate the internal elastic intima into the media (7,8).
This is in contrast to the underlying pathologic process in
AD, which usually results from disease of the media without
any underlying atherosclerotic intimal plaque (9,10). Disrup-
tion of the media by the deep ulceration may lead to vasa vaso-
rum hemorrhage and IMH producing acute chest or back pain
with risk of progression to aortic dissection (11,12). PAU can
also penetrate beyond the aortic media leading to focal out-
pouching of the adventitia, producing a pseudoaneurysm with
risk of frank rupture (13,14). Saccular aortic aneurysms may
represent the end point of such PAU (15).
These may be single or multiple and are most commonly
located within the middle or distal thirds of the descending
aorta. AUs differ from simple ulcerated atherosclerotic pla-
ques by the presence of intimal disruption with subsequent
extension of blood into the media (16).
This study aimed to evaluate the diagnostic performance of
MDCT angiography in detection and characterization of
penetrating atherosclerotic ulcer compared with conventionalangiography (CA) as a gold standard technique. We found
that most of PAU (40%) located in the distal descending aorta
below D8, and this was comparable with Quint et al.’s (17)
report, in which 20 (36%) out of 56 aortic ulcers were located
in distal descending aorta. Kazerooni et al. (18) also assumed
that typically, the ulcer and subsequent subintimal dissection
begin in the middle to distal portions of the descending tho-
racic aorta.
In this study, in unenhanced scans, intra-hematoma forma-
tion was present as a mural crescent which is seen hyperatten-
uated in 28 cases, and none of these lesions was detected by
conventional angiography which signifies the efﬁcient perfor-
mance of MDCTA in detection of this disease entity. Lovy
et al. (2) reported the presence of crescentic mural thickening
on CTA examinations with contrast-enhancing in a patient
presented clinically with suspicious of acute aortic syndrome
would make intramural hematoma the ﬁrst possibility in diag-
nostic consideration. This emphasizes the potential use of
contrast-enhanced protocol only in suspected acute aortic syn-
drome patients, in whom IV contrast agents can be safely
received.
In this study saccular aortic aneurysms were developed in
33 patients, and these results were similar to those of Harris
et al. (19) in that they found a higher rate of development of
saccular aneurysms as a common sequel of PAUs. The authors
Fig. 6 62 Year old male. a – Conventional angiography of the aorta, b and c – axial CE CT chest, shows PAU in the descending aorta.
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media, resulting in aortic dilatation. They also theorized that
most saccular aneurysms of the aorta that are caused by
atherosclerotic disease probably originate from penetrating
ulcers.
Our results revealed a statistically signiﬁcant correlation
between MDCTA and conventional angiography in demon-
strating ulcer diameter (p= 0.2359), number (p= 0.5896),
location (p= 0.3659), aortic diameter at level of ulcer
(p= 0.6398) and opaciﬁcation of false lumen (p= 0.6398) as
well as saccular aortic aneurysm (p= 0.2548). Abbas et al.
(20) reported that multidetector-row CT (MDCT) is the cur-
rent modality of choice for imaging acute aortic syndrome
with a sensitivity and speciﬁcity approaching 100%. Hayashi
et al. (1) addressed the main advantage of CT angiography
in determining the imaging features of PAU as follows: it
can demonstrate complex spatial relationships, mural abnor-
malities, and extraluminal pathologic conditions. However
the main disadvantage of CTA is the radiation dose, which
is a particular concern in the young patients (21). Dramatic
reduction in cardiac CT doses has been observed in recent
times, partly related to low tube voltage techniques (22). It is
intuitive that such regimens could be applied to CTA with cor-
responding dose savings, but as yet there is a few literatures to
conﬁrm that comparable diagnostic accuracy will be achieved.
The administration of iodinated contrast media may inducenephropathy, especially in those with pre-existing renal impair-
ment, but the impact of a single bolus is questionable when
weighed against not gaining the valuable information a CTA
can provide (23).
The main point of interest of our search is that, it included
relatively large sample size (60 aortic lesions) compared with
the other medical literature (18,19,24).
This study found no correlation between atherosclerotic
calciﬁcation score and imaging features of PAU.
Limitations of our study included lack of histopathologic
proof for the aortic lesions we evaluated. However, this lesion
is primarily a diagnosis made on imaging (25) and most cases
reported in the medical literature regarding the imaging
appearance and clinical features of the so-called penetrating
atherosclerotic ulcers do not have histopathologic proof, and
the diagnosis is assumed but unconﬁrmed (9,18,19,24,26).
Other limitations are lack of follow-up of our patients to eval-
uate the clinical outcome and relatively small number of
patients.5. Conclusion
Multi-detector CT angiography is an accurate, non-invasive
tool which has the ability to detect and characterize aortic
PAUs correctly and comparable to conventional angiography.
Fig. 7 74 Year old male. a – Conventional angiography of the aorta, b and c – axial CE CT chest, shows two PAUs in the descending
aorta.
Fig. 8 58 Year old male. a and b – axial CE CT chest, shows Intramural Hematoma.
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Table 2 Atherosclerotic calciﬁcation score.
Ascending aortic wall calciﬁcations
0 28
1 18
2 5
3 9
Descending aortic wall calciﬁcations
0 15
1 17
2 2
3 26
Aortic arch calciﬁcations
0 21
1 15
2 24
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